Electrochemical probe beam deflection (EPBD) was used to investigate the behaviour of a silver electrode immersed in 0.1 M KClO 4 solution containing various concentrations of KBr. The EPBD response was followed under potentiodynamic conditions and after potential steps. The EPBD transients were interpreted using standard models for the transport of ions in the diffusion layer. The AgBr (s) films formed after potential steps to mild anodic limits follow a nucleation-growth mechanism with progressive nucleation. The good agreement between the EPBD data obtained at intermediate anodic limits and linear diffusion models indicate that the film thickening was controlled by the diffusion of bromide ions from the bulk solution. EPBD experiments performed at high positive overpotentials and low bromide concentrations showed a net flux of ions away from the surface, suggesting that soluble Ag + (aq) ions were produced through the porous AgBr (s) structure in these conditions. The EPBD curves obtained during the reduction of the film agreed well with a discontinuous diffusion model. However, EPBD experiments performed after film formation under high anodic limits and/or high bromide concentrations showed a complex pattern for the beam deflection during the reduction. In these cases, the EPBD signal was complicated by additional chemical process that occurred simultaneously with the reduction of the film.
Introduction
The technological relevance of metallic surfaces modified by electrochemically generated films is manifold. For instance, film-coated surfaces can be corrosion resistant [1] . The film can also improve the surface reactivity, yielding catalysts for industrial processes [2] and environmental remediation [3] . Classical electrochemical methods have provided important contributions to the understanding of kinetics and mechanistic aspects of anodic film formation [4] [5] [6] [7] . Information generated by pure electrochemical methods can be complemented by hybrid spectroelectrochemical techniques [8] . The application of spectroscopy to electrochemical problems provides a direct channel to probe surface processes at molecular level. In fact, spectroscopic techniques, such as Raman scattering [9] , surface second-harmonic generation [10] , and infrared reflection-absorption spectroscopy [11] , can be utilized while the electrochemical process is occurring, yielding the molecular picture of the surface process in situ and in real time. Several pieces of information, including the nature of the species involved in the electrochemical process [11, 12] , the structure of the adlayer [10] , the electronic characteristics of the metallic surface [10] and the orientation of the adsorbed molecule [10, 12] , can be obtained by the adequate choice of available spectroelectrochemical tools.
All the above mentioned techniques analyze what is happening at the surface; however, electrochemical processes are generally affected by the movement of ions in the solution. A detailed picture of ions diffusion can then provide valuable insights into the mechanism of the surface process of interest. The flux of ions in the electrochemical diffusion layer can be probed by in situ electrochemical probe beam deflection (EPBD) [13] [14] [15] . EPBD has been used to investigate several electrochemical problems, including the oxidation of copper in alkaline solution [16, 17] , the oscillatory behaviour during anodic dissolution of silicon in fluoride media [18] and decomposition of hypophosphite on a nickel electrode [19] . Recently, EPBD was used in combination with quartz crystal microbalance to investigate ion transport on electrodes modified by conductive polymers and other electroactive films [20] [21] [22] [23] .
EPBD is currently being applied by our group to study the electro oxidation of silver in halide media [24] . The objective is to demonstrate that valuable insights into the mechanism of complex electrochemical problems, such as film formation and reduction, can be readily obtained by EPBD. The electrochemical behaviour of silver in halide-containing media is well known [25] [26] [27] , providing a very convenient model system for this type of investigation. We have recently investigated the electrochemical oxidation of silver in 0.1 M KClO 4 solutions containing several concentrations of KCl by cyclic voltammetry (CV) and EPBD [24] . The fluxes of Ag + (aq) and Cl − ions were monitored during the silver oxidation in the absence the presence of the halide, respectively. EPBD clearly detected the formation of Ag
ions through the porous AgCl (s) film structure. The EPBD data were consistent with a dissolution-precipitation mechanism for the AgCl (s) film formation and oscillations on the position of the laser beam were present during the oxidation at high chloride concentrations. The present study complements our earlier work [24] . Here we demonstrate that the combined electrochemical-EPBD approach provides a wealth of mechanistic information about several different stages of the anodic formation of the silver bromide film. The EPBD data presented here reveal several new aspects of the kinetics of the AgBr (s) film formation, and provide additional support to some of the conclusions derived from classical electrochemical methods.
Experimental

Solutions
The solutions were prepared using ultra-pure water (18.2 M cm −2 ) from a Barnstead NANOpure Diamond water purification system. KBr (Aldrich) and KClO 4 (Aldrich) were used without further purification.
Cell, electrodes and electrochemical equipment
The working electrode was fabricated from a 99.99% silver rod (Premion, Alfa Aesar). A silver disk of ca. 6.35 mm diameter was mounted in a Teflon ® holder. Electrical contact was made to the silver electrode by an externally threaded stainless-steel rod. Before each experiment, the working electrode was polished with emery paper and with progressively finer grades of alumina powder down to 0.05 m. The polished silver electrode was rinsed with copious amounts of ultra-pure water and then transferred to the appropriate cell. A saturated silver/silver chloride electrode (Ag|AgCl|Cl − (sat) ) was used as the reference electrode, and all potentials in this paper are quoted against this reference. A 0.3 mm platinum wire (Alfa Aesar) was employed as the counter electrode. The experiments were performed using a single compartment cell with two windows (50 mm × 50 mm × 50 mm quartz cell cuvette from Spectrocell). The cell was purged with pre-purified N 2 for 30 min prior to the measurements, and a gentle stream of nitrogen was maintained to blanket the solution during data acquisition. A specially designed Teflon ® cap was used to adapt the three electrodes and the nitrogen inlet/outlet to the cell. Electrochemical measurements were obtained using a potentiostat/galvanostat PAR 173 system and a Hokuto Denko HB-111 function generator.
Probe beam deflection
The EPBD experiment consists of directing a low power He-Ne laser beam parallel to a surface under electrochemical control. The beam path is dependent on the refractive index of the media in which the light propagates. Electrochemical processes change the solution composition in the vicinity of the surface, modifying the optical properties of the medium causing a beam deflection θ. The magnitude of the angular deflection depends on the refractive index gradient in the direction perpendicular to the surface (∂n/∂x). This refractive index gradient is created by changes in the ionic concentration (∂c/∂x) in the diffusion layer. The angular deflection θ is then given by Eq. (1) below [28] :
where L is the width of the electrode and n 0 the refractive index of the solution. Eq. (1) neglects the effect of temperature changes provoked by the electrochemical process [29] . The concentrative refractivity (∂n/∂c) is independently determined using a refractometer. A detailed description of our EPBD setup is given elsewhere [24] . (Fig. 1A ) [24] and in the presence (Fig. 1B ions formed anodically are readily soluble in that medium (0.1 M KClO 4 ). On the other hand, the ratio between the anodic and cathodic charges obtained from Fig. 1B is close to the unity. Considering the time scale of the cyclic voltammogram, the similar values of the cathodic and anodic charges can be interpreted as the formation of a insoluble film at the electrode surface. In fact, the oxidation of silver in medium containing bromide ions is known to lead to the formation of AgBr (s) [27, 30] . The CD curve in Fig. 1A shows a negative deflection angle θ during the silver oxidation and a positive deflection angle during the silver ions reduction. This behaviour contrast to the features observed in Fig. 1B . In this case, a positive deflection angle is observed during the AgBr (s) film formation and the reduction of the film corresponds to a negative deflection angle. These features can be readily explained using the schematic representations presented in Fig. 2 . Fig. 2A represents the situation where no electrochemical processes are occurring at the working electrode (WE). In this case, the light beam propagates without deviation and hit the middle of the position-sensitive detector (PSD) chip (0 V). An x-axis perpendicular to the surface, with the origin set at the undeflected beam position, is defined in Fig. 2A . Electrochemical processes produce a gradient on the ions concentration in the diffusion layer. In the case of a metal dissolution process that result in soluble products (as in Fig. 1A ), the concentration of the cation adjacent to the surface will increase, creating a negative concentration gradient in the defined x-direction, and a net flux of ions towards the solution. This situation is illustrated in Fig. 2B . The laser beam will deflect towards the region with higher concentration (Fig. 2B) . Therefore, in this case, the beam will bend towards the electrode surface, producing a negative voltage (this is consistent with our definition of the x-axis given in Fig. 2A ). On the other hand, during the cation reduction, the amount of ions in the vicinity of the electrode will decrease, creating a positive gradient towards the solution (Fig. 2C) . The ions will then flow from the solution to the surface, and the light beam will bend away from the electrode, causing a positive voltage output in the Another peculiar characteristic of the curves presented in Fig. 1 is an apparent potential shift between the CD and the CV data. For instance, the cathodic peaks occurred at ca. +0.45 V for the CV and +0.35 V for the CD in Fig. 1A , and a similar potential shift is observed in Fig. 1B . This apparent potential shift is a consequence of the temporal mismatch between the electrochemical and the EPBD data [31] . The electrochemical current measured in a CV experiment accounts for the flux of ionic species i at the electrode surface (J i (0, t)). However, EPBD measures the flux of ions at a distance x from the surface (J i (x, t)), defined by the position of the laser beam. For instance, considering the silver dissolution process presented in Fig. 1A , an Ag + (aq) ion generated at the surface immediately produces an electrochemical response (current). This ion, however, needs to travel a distance x to provoke a beam deflection, thus the EPBD data will lag behind the current as shown in Fig. 1A and 1B. This discrepancy can be corrected using a method based on the convolution of the current [24, 31, 32] . 
Results and discussion
The convolution analysis was employed in our previous work to interpret the anodic formation of AgCl (s) films [24] . However, in this work we will focus mainly on potential steps measurements, because they are more suitable to obtain insights into the kinetics of the early stages of film formation [33] . Fig. 3 shows a series of EPBD versus time plots for potential steps from −700 mV to various anodic potentials (E final ). Fig. 3 was obtained using a silver electrode immersed in 0.1 M KClO 4 solution containing 1 mM KBr. The dependence of the overall shape of the deflectogram with the E final is noticeable from Fig. 3 , and all deflectograms were adjusted to set t = 0 at the beginning of the raising part of the curves. Deflectograms obtained for E final between −50 and 0 mV (curves (a) and (b) in Fig. 3 , respectively) presents a sharp positive peak for the deflection angle at short times (around 4 s), followed by a decrease of θ to a constant value close to zero. A positive deflection angle was also observed in Fig. 1 during the silver oxidation in KBr containing solution, and it is related to the transport of bromide ions from the solution to the electrode surface for the formation of AgBr (s) film. This peak broadens and shifts to ca. 7 s as the final potential is made more positive than +100 mV, as seen in curves (c), (d) and (e) in Fig. 3 . The deflection angle gently declines after the peak reaching a positive constant value in these conditions. This trend is observed until the value of +350 mV is reached for E final (shown in Fig. 3, curve (f) ). The deflectogram at this final potential presents again a sharp peak at ca. 5 s. However, in contrast to the results obtained for low anodic limits, the deflection angle θ steadily decreases after the peak and even becomes negative after 20 s.
Information about the mechanism for the film formation was obtained by fitting a series of experimental deflec- tograms, as the ones presented in Fig. 3 , to standard diffusion models. It has been demonstrated from potentiodynamic methods using a rotating disk electrode (RDE) that the diffusion of bromide ions to the silver electrode is the rate-limiting step for AgBr (s) growth [27] . Therefore, the EPBD response to a potential step can be quantitatively evaluated by obtaining the concentration profile of bromide ions in the vicinity of the electrode surface for these conditions. The transport of ions in the interphase can be expressed by the Fick's equations [34] . The solution of the Fick's second law of diffusion using the appropriated boundary conditions for linear diffusion yields the concentration gradient following a potential step according to [34] :
Eq. (2) was combined with Eq. (1) to calculate the expected EPBD behaviour. The theoretical EPBD response was compared to our experimental data using a nonlinear fitting procedure. The physical constants in Eqs. (1) and (2) were first introduced to match the order of magnitude of the experimental deflection using an initial guess for the diffusion coefficient. This was followed by a curve fit procedure using the Marquardt-Levenberg algorithm [35] with the diffusion coefficient as an adjustable variable. An example of a typical best fit between the experimental and the predicted EPBD is presented in Fig. 4 (Ag in 0.1 M KClO 4 + 1 mM KBr, E final = +250 mV). The diffusion coefficient of bromide ions obtained from the best fit in Fig. 4 was ca. 1.5 × 10 −9 m 2 s −1 . It is important to point out that it is not the goal of this work to obtain precise diffusion coefficients for the species involved in the electrochemical process. In fact, the diffusion coefficients obtained from EPBD are influenced by the transport of all ionic species in solution, including the support electrolyte [36] , which significantly complicate their interpretation. Nevertheless, the diffusion coefficient obtained in Fig. 4 is within the range of values for the diffusion coefficient of bromide determined from other methods [1, 6, 37] .
It can be concluded from Fig. 4 that for a potential step to +250 mV, the kinetics of film formation is controlled by the diffusion of bromide ions to the electrode, as suggested by Birss and Wright [27] . However, although the concentration gradient given in Eq. (2) provides a good fit (Fig. 4) for potential steps into E final in the range between +150 and +350 mV (at [Br − ] = 1 mM), the fit was not satisfactory when the E final was more negative than +150 and more positive than +350 mV. In fact, the shape of the deflectograms changes significantly with the E final as seen in Fig. 3 . These changes reflect the diversity of dominant mechanism for the film formation at different electrochemical conditions, and suggest that different diffusion models are required to describe the process at potentials more negative than +150 mV and more positive than +350 mV.
The time dependence of the beam deflection θ after a step to −50 mV presents an early positive peak followed by a fast decrease. The formation of silver bromide at mild anodic conditions was investigated by Jaya et al. [30] . Cyclic voltammetric and chronoamperometric curves indicated that the film formation follows a nucleation-growth mechanism in these conditions [30] . A nucleation-growth mechanism would in fact be expect to dominate at early times, provoking a sharp peak in the deflectogram. This type of behaviour is similar to the observed from chronoamperometric measurements [33, 38] . EPBD provides an advantage for the determination of the rate-limiting step for film formation at early times over chronoamperometry. The early transient of a chronoamperometric curve is always accompanied by a large spike due to the double layer charging. For instance, this behaviour prevented Jaya et al. from obtaining a rigorous quantitative analysis of the chronoamperometric transients for the AgBr (s) formation [30] . The EPBD signal is practically free from this type of double layer effect and it is significantly delayed from the current (as seen in Fig. 1) , not requiring fast electronics for data acquisition. A comparison between the EPBD data obtained for a potential step to −50 mV and the nucleation-growth models described by Scharifker and Hills [38] is shown in Fig. 5 . The curves in Fig. 5 represent the dimensionless experimental beam deflection ((θ/θ m ) 2 ) and the calculated dimensionless current ((I/I m ) 2 ) plotted against a dimensionless temporal parameter t/t m (according to the equations presented by Scharifker and Hills [38] ). θ m and I m are the maximum beam deflection and the maximum current, respectively. These maxima occur after a certain time t m . A direct proportionality between the current and the concentration gradient was considered. The experimental data in Fig. 5 are compared to the expected behaviour for a film formation controlled by either the growth of the film (instantaneous nucleation) or by the rate of nuclei formation (progressive nucleation) [38] . The model for a nucleation-growth process with progressive nucleation agrees better with the experimental data (Fig. 5 ). Although the model for a progressive nucleation falls off more rapidly than the experimental data after the peak, it follows the data closely again in the re- Fig. 5 . Experimental EPBD signal after a potential step from −700 to −50 mV. The experimental data is plotted using dimensionless quantities ((θ/θ m ) 2 vs. (t/t m )). The theoretical curves for nucleation-growth model are plots of (I/I m ) 2 vs. (t/t m ) calculated using the equations given in [38] for both instantaneous and progressive nucleations.
gion where the linear diffusion dominates the film formation (Fig. 5) . . This simple approximation assumes that nucleation models developed for current transient after potential steps can be compared directly to the EPBD data. This assumption may explain the discrepancies presented in Fig. 5. An alternative model based only on the mass transport of ions was also employed to interpret the probe beam deflection transient at low anodic limits. This model considered that a "fixed" interfacial amount of bromide ions (C * i ) are necessary to produce the initial film by the nucleation-growth mechanism. This was treated as a typical discontinuous mass transfer problem, similar to dissolution of a thin metal film or to the charging-discharging reactions in electroactive polymers [13] . The solution of this diffusion problem for C i (0, 0) = C * i , C i (x > 0, 0) = 0 and the spreading of the concentration profile for t > 0 described by a Gaussian behaviour [13] , is:
The beam deflection depends on the concentration gradient (∂C i /∂x), according to Eq. (1), therefore, it will be related to:
Note that Eq. (4) will vanish for long times, but the EPBD transient for a potential step to −50 mV (Fig. 5) still presents a quasi-constant value of θ after almost 50 s. The film thickening controlled by linear diffusion, as observed for steps to high anodic limits (Fig. 4) , was then introduced in our model after the initial nucleation-growth process. In summary, the model consists of two quasi-independent processes. The film formation by nucleation-growth occurs in the early stages, followed by film thickening controlled by linear diffusion of bromide ions. 6 shows the calculated probe beam deflection for the mechanism described above and the experimental data points. In this case, the best fit was obtained by adding the discontinuous nucleation-growth process (Eq. (4)) to the linear diffusion component (Eqs. (1) and (2)). The constants were again introduced and matched the order of magnitude of our experimental data and the best fit was calculated by considering two diffusion coefficients as adjustable parameters. A better agreement between the experimental data and the theoretical model was obtained in Fig. 6 than the one in Fig. 5 . However, a limitation of the diffusion model used in Fig. 6 is that it cannot differentiate between the two limiting situations of the nucleation-growth mechanism (instantaneous versus progressive nucleation). The nonlinear regression procedure utilized in Fig. 6 yielded a diffusion coefficient of ca. 0.9 × 10 −9 m 2 s −1 for the nucleation-growth process and 2.5 × 10 −9 for the linear diffusion component. The measured diffusion coefficient for the initial part of the transient (assigned to the nucleation-growth process) departs significantly from the value expected for bromide ions from solution, in contrast to the diffusion coefficient obtained from the linear diffusion component.
The deflectograms obtained during potential steps to high positive limits were also analyzed. Fig. 7 shows the experimental data and the fitted diffusion model for a potential step to E final = +350 mV. In this case, the beam deflection was positive in the early stages of the oxidation, indicating a net flux of ions towards the surface as expected for the formation of AgBr (s) . However, the beam deflection after the peak does not follow the expected behaviour for a film thickening process controlled by linear diffusion (as in Figs. 4-6 ), but it decreases further into the negative values of θ instead (Fig. 7) . The negative beam deflection angle indicates a net flux of ions away from the electrode surface, as discussed in Fig. 2 . The same type of phenomenon was observed by EPBD for silver oxidation in chloride solution [24] . Negative deflection angles during the silver oxidation in diluted chloride solutions were observed by cyclic de- flectograms at high anodic limits [24] . This negative deflection angle was assigned to the production of soluble Ag + (aq) . Birss and Wright observed a sharp increase of the anodic current at highly anodic limits during the oxidation of silver in solutions containing low concentrations of bromide [27] . This current increase was also determined to be due to the dissolution of silver as Ag + (aq) [27] . The EPBD response at high anodic limits and low bromide concentrations was then modeled considering two diffusion-controlled processes. The first process was the growth of the silver bromide film (Fig. 7, curve b) and the second process was the dissolution of bulk silver through the porous film (Fig. 7, curve a) . Both processes were considered to be controlled by the linear diffusion of the respective ionic species according to Eq. (2). The calculated beam deflection was given by the difference between these two processes. The difference was used because the Ag + (aq) should diffuse away from the surface, provoking a negative beam deflection (curve a in Fig. 7) . The diffusion coefficients obtained from the nonlinear regression were 1.9 × 10 −9 m 2 s −1 for the bromide ions during the AgBr (s) growth and 0.1 × 10 −9 m 2 s −1 for the silver ions. The small diffusion coefficient for the silver ions is consistent with diffusion through a porous film structure. However, it is important to stress again that a direct physical interpretation of the individual diffusion coefficients is not as trivial. For instance, it was assumed in this model that both the formation of AgBr (s) and Ag + (aq) occur simultaneously. An alternative model considering a fixed diffusion coefficient for the bromide ions and a variable diffusion coefficient for the silver ions could also produce a satisfactory agreement with the experimental data. The film formation and silver ions diffusion through the film would be considered as consecutive processes in this case. (aq) species to diffuse away towards the bulk solution. This process indicates that the deposition of AgBr (s) should follow a dissolution-precipitation mechanism at high rates of film growing (high anodic limits) as observed for AgCl (s) [24] .
The probe beam deflection transients obtained during the reduction of the AgBr (s) films formed at several initial potentials (Ag in 0.1 M KClO 4 solution containing 1 mM KBr) are presented in Fig. 8 . In contrast to Fig. 3 , the cathodic transients do not change significantly until the film is formed at very high anodic potentials (Fig. 8) . The negative deflection angle during the reduction is consistent with a flux of bromide ions away from the electrode surface as shown in Fig. 2B. Fig. 9 shows the experimental and the calculated EPBD signal for the cathodic process. The EPBD signal for the reduction of the AgBr (s) film was fitted using the model for discontinuous mass transfer controlled reaction The EPBD transients obtained during the reduction of AgBr (s) films formed at high anodic limits and/or high concentration of bromide ions, were very complex and did not follow any of the models discussed here. An example of the complicated EPBD behaviour during the reduction of thick AgBr (s) films is shown in Fig. 10 . Fig. 10 presents both the double chronoamperogram and deflectogram (anodic and cathodic processes) for comparison. Note that several regions related to different processes can be identified on the EPBD transient during the reduction of the film, despite the almost featureless current transient. A small oscillation (a) is observed in Fig. 10 , immediately after the step to cathodic potentials. This feature may be related to an initial precipitation of AgBr (s) . Since soluble Ag + (aq) species is formed during the oxidation at high anodic limits, the [Ag + ] is high in the vicinity of the surface. The initial reduction of the film releases Br − (aq) at the surface, favouring the AgBr (s) precipitation. It is also possible that temperature effects (that were disregarded in all models presented here) play a significant role due to the resistance of the thick AgBr (s) film and may also be responsible for the feature (a) in Fig. 10 . The EPBD signal decreases sharply after the feature (a), leading to the region (b) in Fig. 10 . Region (b), however, shows a moderate deflection angle with a broad peak. The deflection angle became less negative yielding a peak (c) after ca. 90 s. This behaviour may be related to the rapidly increase in the interfacial concentration of bromide ions following the cathodic step. The large bromide concentration would dissolve part of the film, forming soluble [
species. The flux of bromide towards the surface to sustain this dissolution would explain regions (b) and peak (c) in Fig. 10 . In summary, this region ((b) and (c) in Fig. 10 ) is dominated by the competition between the tendency of the bromide ions to diffuse away form the surface and the heterogeneous dissolution of the interfacial AgBr (s) . The shape of the EPBD transient in region (d) (Fig. 10) is very similar to the one observed in Fig. 8 for all initial potentials, but E initial = +350 mV. Therefore, we conclude that region (d) corresponds to the electrochemical reduction of the surface film that is in direct contact with the silver metal, following the mechanism proposed in Fig. 9 .
Conclusions
The electrochemical formation and reduction of AgBr (s) film on a silver electrode was investigated by EPBD. The EPBD response versus time, obtained following potential steps, allow the identification of several different dominant mechanisms for the film formation at different anodic potential limits. The film formation is clearly dominated by a nucleation-growth mechanism at the early stages of oxidation (low anodic potential limits). This process provokes a rapid depletion in the bromide concentration in the vicinity of the surface leading to an early peak in the beam deflection angle transient. The film growth at this stage was shown to be controlled by the progressive nucleation. The initial AgBr (s) formation is followed by the thickening of the three dimensional film controlled by the linear diffusion of bromide ions from the bulk solution. The EPBD results presented here indicate that the nucleation-growth of the initial film and the linear diffusion-controlled thickening are consecutive, quasi-independent, processes at low anodic limits. These two stages merge as the anodic limit becomes more positive, yielding an EPBD transient consistent with a simple linear diffusion-controlled process.
At high anodic limits, the fast film formation leads to a significant decrease in the concentration of bromide ions at the interface (for diluted bromide solutions). In these cases, soluble silver ions can diffuse away from the surface after the initial film formation. The Ag + (aq) ions are formed through the porous structure of the AgBr (s) film. It is suggested that the process of film thickening is controlled by a dissolution-precipitation mechanism at these high anodic limits.
The reduction of the AgBr (s) film was also investigated. The cathodic process was relatively simple, following a discontinuous mass transfer model for a large potential range. However, the EPBD observed during the reduction of thick films (formed at high anodic limit or at high bromide concentrations) was very complex, indicating the presence of several competing processes, including homogeneous reactions and chemical dissolution of the film.
Finally, the results presented here combined with electrochemical data available in the literature provided a complete description of the electrochemical process of interest, demonstrating that EPBD is a very useful techniques for the elucidation of complex electrochemical problems. Fast surface processes can be mapped by EPBD in a delayed time scale, eliminating the need for fast electronics for data acquisition. Standard models for the concentration gradient in the diffusion layer can be used to explain the role of different steps of the mechanism. On the other hand, some caution on the kinetics interpretation is required, since consecutive stages of the mechanism may appear as one convoluted EPBD wave. Diffusion coefficients can be obtained from proper modelling of the EPBD signal. Nevertheless, these diffusion coefficients should be considered with extremely care, because their absolute values may reflect the transport of several ionic species (not only the ion of interest).
